Previously presented data (Braun, 1946b) proved the existence of a heatstable, filtrable factor in the normal serum or plasma of cows, man, rabbits, and guinea pigs which selectively suppresses the establishment of nonsmooth Brucella abortus variants. The activity of this factor was clearly demonstrated in beef extract broth cultures containing 2 per cent normal serum. After inoculation with a smooth clone these cultures failed to show any variant types (dissociation) after 10 days of growth at 37 C, whereas after the same period of growth control cultures without serum consistently showed between 20 and 30 per cent rough and mucoid types in the originally smooth population. It was also shown that the growth rates of smooth types were not affected by the addition of serum in amounts that proved to be sufficient for this suppression of nonsmooth types.
Previously presented data (Braun, 1946b) proved the existence of a heatstable, filtrable factor in the normal serum or plasma of cows, man, rabbits, and guinea pigs which selectively suppresses the establishment of nonsmooth Brucella abortus variants. The activity of this factor was clearly demonstrated in beef extract broth cultures containing 2 per cent normal serum. After inoculation with a smooth clone these cultures failed to show any variant types (dissociation) after 10 days of growth at 37 C, whereas after the same period of growth control cultures without serum consistently showed between 20 and 30 per cent rough and mucoid types in the originally smooth population. It was also shown that the growth rates of smooth types were not affected by the addition of serum in amounts that proved to be sufficient for this suppression of nonsmooth types.
In order to identify the factor responsible for this selective suppression of nonsmooth types the effect of various plasma fractions upon dissociation2 of Brucella abortus was investigated. The results of these studies are reported in this paper.
MATERIAL AND METHODS
Bovine plasma fractions were kindly supplied by Armour and Company, and human plasma fractions were obtained from the Cutter Laboratories. These fractions were dissolved in distilled water or normal saline; the solutions were Seitz-filtered and added in various amounts to tubes containing 5 ml of broth. Unless otherwise noted, beef extract broth, buffered at pH 6.8, was used. Each tube was then inoculated with 200 million organisms from a smooth clone, isolated from Brucella abortus, strain 19. One of the two clones used in this work consistently showed 15 per cent and the other approximately 30 per cent dissociation, when samples were plated and counted after 10 days of growth in ordinary buffered beef extract broth. The dissociation index (i.e., the percentage I Present address: Camp Detrick, Frederick, Maryland. This work has been supported in part by the Bureau of Animal Industry, United States Department of Agriculture, under co-operative agreement with the Regents of the University of California.
2 As previously stated (cf. Braun, 1947 ) the use of the conventional term "dissociation" may be justified if applied to population phenomena, i.e., the spontaneous change or mutation of one or more members of a bacterial population and their subsequent establishment. In accordance with this definition, the use of the terms "dissociation index" and "dissociation"! has been retained in this paper. of dissociation after 10 days of growth in broth) was determined by counting and classifying at least 100 colonies on each plate (for further details of general procedures see Braun, 1946a) .
The maximum concentration at which the fractions were tested varied because of the different solubilities of the various fractions employed. In no instance were more than 2 ml of dissolved fractions added to each culture, and in general the concentrations of the dissolved fractions were adjusted in such a manner that 0.1 ml, 0.2 ml, or 0.5 ml were added. Corresponding amounts of saline were added to the controls. EXPERIMENTAL RESULTS Table 1 summarizes the results that were obtained after the addition of various concentrations of bovine plasma fractions. In this table the final concentrations of the respective fractions in individual cultures have been expressed as the percentage of the fractions' concentration in normal plasma. (All figures tabulated above the heavy line represent concentrations higher than those found in normal plasma and are therefore of little biological value.) It can be seen that the controls without supplement showed 30 to 34 per cent dissociation. Dissociation is suppressed in the presence of fraction II, when it is added to cultures in amounts that would correspond to 18 per cent plasma or more. Nonsmooth types are also selectively suppressed in the presence of fraction III-0, after the addition of amounts corresponding to 9 per cent plasma or more. A similar suppression of nonsmooth types is also produced in the presence of certain concentrations of fraction III-1. A significant but not complete suppression is also produced in the presence of fraction III-2. As illustrated in table 2, these "active" fractions contain either y-globulin (fraction II) or a high percentage of ,3-globulin (fractions III-0, III-1, and III-2). No suppression of dissociation was produced in the presence of fractions I, IV, IV-3,4, or V (for their composition see table 2); in fact, both fractions I and V enhanced the percentage of dissociation. Two subfractions of the active fraction II were tested, each of which contains 98 to 100 per cent y-globulin. Electrophoretic analyses had shown that fraction II-1 has a mobility of 1.42 and fraction II-3 a mobility of 1.88 in phosphate buffer at pH 7.7, ionic strength 0.2, protein concentration 2 per cent, and temperature +4 C.3 Only one of these subfractions (II-3) showed selective activity, whereas the other one (II-1) failed to suppress nonsmooth types within concentrations that would correspond to normal blood levels. Table 3 illustrates the distribution of the same data when they are arranged on a weight basis.
It is noteworthy that neither of the "active" fractions per se shows selective activity in concentrations lower than 9 per cent, whereas whole plasma or serum suppresses dissociation when present in concentrations as low as 2 per cent. However, when the active fractions II, III-0, III-1, and III-2 were combined, it was possible to demonstrate dissociation-suppressing activity in concentra-19491 BACTERIAL VARIATION AND SELECTIVE ENVIRONMENTS 293 tions close to 3 per cent, indicating that most, if not all, of the suppressive activity could be recovered in the active fractions indicated in tables 1 and 2.
It was ascertained that the inhibition of the establishment of nonsmooth variants in the presence of normal globulin fractions was not due to any shift in population dynamics; no significant deviations from the controls were found when the total number of cells was determined after various periods of growth in (Braun, 1946b) , no increase in R types could be observed in the presence of active globulin fractions after 10 days of growth of populations that initially consisted of 95 per cent S and 5 per cent R types, whereas control cultures without globulin supplement showed a considerable increase in the percentage of rough over smooth during the same period.
When albumin and y-globulin fractions obtained from hulman plasma were tested, it was again observed that the y-globulin fraction, in concentrations corresponding to as little as 3 per cent plasma, would suppress dissociation, whereas the albumin fraction was again found to enhance the establishment of nonsmooth types. In addition, the human y-globulin fraction here used showed a striking bactericidal effect upon Brucella abortus. The presence of the purified human 7y-globulin, in amounts that would correspond to 7. 5 per cent of plasma or more, proved to have a bacteriostatic effect in concentrations up to 30 per cent and a bactericidal effect in higher concentrations. This antibacterial effect was produced by nonfiltered as well as Seitz-filtered preparations and was observed with virulent as well as avirulent smooth strains of Brucella abortus.5
It was found that the selective activity of either serum or its globulin fractions expresses itself only in buffered media. It was observed in buffered tryptose broth, beef extract broth, and broth containing both beef extract and tryptose (all buffered at pH 6.8). It was erratic or absent when the same media were used unbuffered. Since it is well known that unbuffered broth will become alkaline (approximately pH 8.6) after Brucella abortus has grown in it for several days, it is logical to assume that the active blood proteins are unable to exert their selective activity at higher pH ranges; the specificity of activity of proteins within narrow pH ranges is a well-established phenomenon.
Confirmation regarding the association of the selective factor with certain globulin fractions was obtained in experiments that indicated that serum con- Cunha produced anti-7-globulin by inoculation of bovine y-globulin into rabbits.
The addition of sufficient serum from these rabbits to cultures containing effective bovine 7-globulin concentrations resulted in the disappearance of the selective activity of the globulin fraction.
DISCUSSION
The ability of serum or plasma, or their above-described globulin fractions, to suppress the establishment of nonsmooth types attains special significance when the direct correlation between this in vitro activity and certain in vivo phenomena is observed. First of all, it is interesting to note that buffered media are necessary 295 1949] WERNER BRAUN[V to produce the selective effect in vitro, i.e., conditions are required which resemble the buffered environment existing in vivo. But more significant are the direct correlations between (1) the selective activity of serum factors in vitro and selective effects in vivo and (2) the absence of selective effects in vivo in certain species and the failure of serum from these species to suppress the establishment of non-S types in vitro. Equally suggestive is the temporary disappearance of the in vitro selective activity observed in serum samples that had been obtained from animals during certain periods after exposure to Brucella. These observations will be described in detail separately, but may be briefly illustrated here by the following examples: (1) When nonsmooth variants are inoculated into rabbits or guinea pigs, they cannot be recovered from the spleen several weeks later; animals inoculated with smooth clones, however, yield positive spleen cultures (Braun and Hauge, 1948) . (2) When nonsmooth variants are inoculated into mice, they can be recovered from the spleen (Braun and Hauge, 1948) . This in vivo selectivity in rabbits and guinea pigs is duplicated by the selective activity of serum from these species in vitro; the lack of in vivo selectivity of mice coincides with the absence of selective activity of mouse serum in vitro, i.e., non-S types are not suppressed when mouse serum is added to buffered broth cultures inoculated with a smooth clone.
It should be mentioned that additional data, collected during these studies, have substantiated previous observations that indicated that the selective effect is expressed only when the original bacterial population contains smooth types. That is, in a population consisting of 95 per cent S and 5 per cent R types, no increase in the percentage of R types takes place during 10 days of growth in cultures containing serum (or the active globulin fractions), whereas control cultures without serum will show a considerable increase in the percentage of rough over smooth during the same period (Braun, 1946b) . The propagation of R, M, or other nonsmooth types, however, is not completely inhibited if serum or the active globulin fractions are added to pure R cultures, for example. Only if S types arise in these originally R cultures will the percentage of rough types decrease in the presence of the serum factor. The selective factor (or factors), therefore, merely creates an environment greatly favoring the S type without acting as a complete inhibitor for non-S types; nevertheless, its activity suffices to suppress completely the propagation of nonsmooth mutants, which arise during the growth of a smooth population, and it acts therefore as an efficient inhibitor of so-called dissociation, which occurs in most smooth clones in the absence of the globulin factor, e.g., in common laboratory media. From the foregoing, it may be concluded that buffered media containing normal serum or its appropriate globulin fractions represent an environment most nearly similar to normal in vivo conditions for Brucella abortus.
A few exploratory studies have indicated that the results described are not restricted to Brucella abortus. A limited number of experiments with Staphylococcus aureus (Hoerlein, 1948) , Pasteurella multicida, and Salmonella suggest that the establishment of non-S variants of these species is similarly suppressed in the presence of normal serum or its y-globulin fraction.
Investigations on the inactivation of the selective serum factor are now in progress. Considerable information on substances that are able to inactivate the selective activity in vitro is already available, and it is hoped that, if the selective factor suppressing nonsmooth (i.e., commonly avirulent) variants can be inactivated in vivo, this inactivation may possibly permit new means of disease control through the creation of an in vivo environment favoring the establishment of avirulent variants.
It has been mentioned above that decisive changes of selectivity are observed when sera from vaccinated or infected animals are used. For that reason the selective activity of normal serum or normal globulin fractions has been stressed. The manner in which this activity is modified, after exposure of susceptible hosts to Brucella abortus, will be detailed in the next paper of this series.
SUMMARY
A previously demonstrated heat-stable, filtrable factor that selectively suppressed the establishment of nonsmooth Brucella abortus variants in buffered broth cultures of smooth types, to which normal serum or plasma had been added, was found to be associated with the 'y-and certain 3-globulin fractions of normal bovine plasma.
The factor has also been observed in a 7-globulin fraction of human plasma, but, in contrast to the bovine fractions, the human y-globulin fraction used in these studies simultaneously exhibited a strong antibacterial effect upon virulent and avirulent strains of Brucella abortus.
